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(57) Abstract 

The invention relates 
to a method for interrupting 
delivery of current from mains 
in a risk situation and to the 
related safety arrangement. 
The method and the safety 
arrangement utilise at least 
one smoke detector, such as 
a fire alarm (i) or a similar 
environment detector to 
give a message, such as an 
impulse when the surrounding 
conditions change and exceed 
pre-set limits, and a relay 
unit (2) or a similar switch 
connected to this, which is 
brought into conductive state 
by a message from the smoke 
detector* In accordance with 
the invention, the relay unit (2) 
is used to electrically connect 
the grounding wire (PE) and 
the neutral wire (N sr ) of the 
mains, resulting in part of the 
return current being directed 
on the basis of the conductor 
resistors to the grounding wire 
(PE), and in a normal situation 
there will then be imbalance in 

the zero sum current of the phase wire (LI) and the neutral wire (Nsr), and when this sum current value different from zero exceeds the 
excitation current value of the fault cun-ent safety switch (7), the fault current safety switch (7) is actuated, interrupting the delivery of 
current. 
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Method for switching off a power supply in a 
dangerous situation and a corresponding 
safeguarding arrangement 

The invention relates to a method as defined in the preamble of claim 1 for 
5 interrupting delivery of current from mains in a dangerous situation. Such situations 
are for instance a starting fire, a gas leakage, a sudden rise or drop in temperature. 

The invention also relates to a safety arrangement for carrying out the method as 
defined in the preamble of claim 2. 

DK Patent Application 293/93 has disclosed a safety interrupter which, in the event 
10 of an alarm, generates adequate current passing over a fault current relay, on the 
basis of which delivery of current is completely interrupted at the main distribution 
board. A safety interrupter pr&vmts serious accidents, such as a gas explosion 
following a gas leakage or a fire starting from an electric appliance. The safety 
interrupter comprises a detector, such as a gas detector, for detecting gas emissions, 
15 and a relay, in which the terminals of the controlled switch are connected to the 
mains voltage on the one hand, and over a resistor to the ground terminal on the 
other hand. The safety interrupter is connected to a socket When the detector 
detects a risk situation such as a gas leakage in the environment, it sends an impulse 
to the relay, which in turn connects the switch over the mains voltage resistor to the 
20 ground. Thus the fault current relay located before the fuse blocks of a block 
distribution board detects the low current supplied to the ground, and as a 
consequence, the delivery of current is interrupted from the main distribution board 
onwards. 

The prior art safety interrupter disclosed by the Danish patent application has the 
25 inconvenience of the operating voltage being connected over the relay and the 
resistor to the ground. This arrangement requires meticulous device design and safe 
components, because in a risk situation, the operating voltage proper is connected 
over the resistor to a ground, e.g. a heat radiator or any other ground point not 
reliable in terms of electric installations. 

30 The safety interrupter above also has the drawback of being connected to a socket. 
Such a safety device is not reliable in terms of installation, because anyone in the 
room may disconnect this safety device inadvertently without any tools as a normal 
operation, and then forget to reconnect it, and then the protective effect is lost for an 
undetermined period of time. 



3NSDOCID: <WO, 



.9952090A1_1_> 



BNSoaae3 



WO 99/52090 



PCT/FI99/00287 



The prior art safety inteirupter has the ftirther drawback of the entire main 
distribution board being protected by one single fault current protection. We note 
that a variety of devices is connected to the main distribution board, such as for 
instance one or more stoves, electric radiators, hot-water tanks etc- These devices 
5 generate small leakage currents even under normal conditions, and when summed, 
such leakage currents frequently release the common fault current protection quite 
without reason. 

The purpose of the invention is to overcome the shortcomings connected with the 
safety interrupter described above. Another purpose of the invention is to provide a 
10 new method for interrupting delivery of current from mains in a risk situation and 
the related safety arrangement. 

The method in accordance with the invention is characterised by the features 
defined in claim 1. The safety arrangement of the invention, in turn, is characterised 
by the features defined in claim 3. The dependent claims define preferred 
15 embodiments of the invention* 

The method of the invention for interrupting delivery of current from mains in a risk 
situation utilises a smoke detector, such as a fire alarm or a similar environment 
detector to give a message, such as an impulse, when the surrounding conditions 
change and exceed pre~set limits, and a relay unit or similar switch connected to 

20 this, which are brought into a conductive state by a message from the smoke 
detector, In accordance with the invention, the relay unit serves to electrically 
connect the grounding wire and the neutral wire of the network, and then part of the 
return current is directed to the grounding wire on the basis of the conductor 
resistors of these wires, and in a normal situation, there will then arise an imbalance 

25 situation in the zero sum current between the phase and neutral wires, where the 
value of this sum current different from zero exceeds the pre-set limit value, which 
is detected and which results in inteiruption of the delivery of current. 

The conductor resistors of the grounding wire and the neutral wire are nearly equal, 
and then about 50% of the return current is directed to the grounding wire, when 

30 these wires are connected by the relay unit. Normally no current passes between the 
phase wires and the neutral wires, and now the connection of these will entail 
imbalance in the sum current which used to be zero. When the value of the sum 
current different from zero exceeds the excitation current value of the fault current 
safety switch protecting the electric block, the fault current safety switch will be 

35 immediately actuated, and the delivery of current thus interrupted. 
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In this context, an environment detector stands for a detector which reacts on a 
specific predetermined change, such as a change in gas concentration, temperature 
or radiation, in the immediate vicinity of the detector. The detector is for instance a 
smoke detector, such as one or more fire alarms cabled to the same relay unit, or a 
5 temperature detector, a radiation detector or the like. 

The benefit of the invention is that the interruption of the delivery of current from 
mains in a risk situation can be performed to the desired extent in a building for 
instance, and what is more, by means of simple method operations. The mains is a 
common mains or a small closed electric network with a limited number of potential 
10 loads. 

The invention has the further advantage that the actual safety arrangement can be 
implemented with the use of existing, commercially available and world-wide 
accepted components and devices. 

The invention also has the advantage that especially apartment fires caused by 
15 electrical appliances can be notably reduced by means of the method and the safety 
arrangement of the invention. 

The invention has the advantage of a straightforward implementation and of 
reliability. The safety arrangement of the invention does not require new additional 
fuses/automatic wire protection devices, nor, in most cases, new wiring between the 
20 block board and e.g. the relay unit, which would incur high labour costs. By 
contrast, if several fire alarms connected in parallel are used, they will in fact 
require wiring in the area of the different rooms* 

The invention has the considerable advantage of the sum current imbalance being 
generated by dividing the existing return current, and no additional components 
25 such as resistors or the like will be required to connect the operating voltage to a 
ground for instance. 

The invention also has the advantage of reliable retrofitting by an electric contractor 
in conjunction with ordinary electric refitting operations also in existing apartments 
or the like. In addition, the EU directive taking effect in 1999 will require a 
30 compulsory fire alarm in new apartments, and then the safety arrangement based on 
the invention can be most advantageously economically included in the electric 
contract from the very beginning, so as to replace an existing battery-operated fire 
alarm. 
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The invention also has the advantage that the delivery of current can be interrupted 
in a risk situation in a restricted area, such as a specific part of a room or even one 
single room. In this way, an apartment fire starting e.g. from an electric appliance 
such as a television set can be effectively prevented at once, once a small amount of 

5 smoke has developed in the room to be monitored, such as for instance common 
premises in cellular apartments and service flats. At the other extreme, the selected 
protective level may comprise interruption of the voltage of a distribution board 
supplying the electric blocks of a desired unit of rooms. In this conjunction, the 
difference of the safety arrangement of the invention compared to the prior art 

10 Danish safety intenuptor may be considered the use of selective fault current units 
with an excitation current of 1A and 3A commonly available on the market, which 
can be connected to actuate existing switches or switches installed in this 
connection. To actuate these selective fault current units, remote releases available 
as extra equipment and mounted on the distribution board are used, which are in 

1 5 turn controlled in accordance with the invention by a non-delay 30 mA fault current 
safety switch used as a protection of single electric blocks, the relay unit of the fire 
alarm of the invention generating a sum current sufficiently different from zero, 
resulting thus in the actuating procedure. Such a system of the invention for 
interrupting delivery of current to a distribution board which is selectively 

20 performed with intermediate steps is a more stable release process, actuated to a 
larger extent by the detection of the original environment detector, than the prior art 
Danish safety intenuptor. 

The invention and its other advantages will be described in detail below with 
reference to the accompanying drawing, which is a schematic view of a relatively 
25 limited safety arrangement of the invention installed in an apartment. 

In this case, the mains comprises phase wires LI, 12, L3, neutral wire N and 
protective, i.e. grounding wire PE. Electric block 5 has been connected to phase 
wire LI over a fuse 6 or similar. Electric block 5 includes ligth fittings 8, their light 
switch 8a and a number of sockets 9. The safety arrangement in accordance with the 
30 invention has been connected to electric block 5. 

The safety arrangement of the invention comprises a smoke detector, such as a fire 
alarm 1, a relay unit 2 and a fault current safety switch 7. Fire alarm 1 is protected 
with an accumulator or a battery and is supplied with mains current, and it can be 
directly connected to relay unit 2. Fire alarm 1 and relay unit 2 are mutually 
3 5 connected with the real delivery of current wire L, neutral wire Np and impulse wire 
L Relay unit 2 comprises a relay coil 3 and the relay switch 4 proper, which 
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comprises the central terminal 4c of the switch 4 and optional contact terminals 4a, 
4b. The central terminal 4c of the relay switch 4 and the second optional terminal 4b 
have been connected to the neutral wire N sr and to the grounding wire PE 
accordingly. The first optional terminal 4a of the relay switch 4 is free; it has not 
5 been connected at all. 

Fire alarm 1 and relay unit 2 have been connected to the same electric block 5 and 
are thus protected by one fuse 6„ The fault current safety switch 7 included in the 
safety arrangement is connected between fuse 6 and electric block 5 such that the 
supply voltage of the mains passes from phase wire LI to electric block 5 over 
10 terminals 7a, 7b with the neutral wire N outside electric block 5 connected to 
neutral wire N 5r of electric block 5 over terminals 7c, 7d, 

The battery-protected fire alarm 1 may be of any type known per se 7 as for instance 
a ionisation-based, mains voltage-operated smoke detector equipped with 
accumulator protection marketed under the trade name BRK-Electronics Model 86 
15 E„ Relay unit 2 may accordingly be a relay unit equipped with an amplifier 
manufactured by the same manufacturer for this fire alarm 1. Several fire alarms, 
such as a maximun of 12 units, may be advantageously connected to one relay unit 

The fault current safety switch 7 is as such a safety interrupter known per se» The 
fault current safety switch 7 operates according to the sum current principle. In a 

20 normal situation, the sum current of phase wire LI and neutral wire N sr is zero. In 
fault situations, the sum current is different from zero. When a fault occurs in 
electric block 5, part of the current supplied over phase wire LI to the electric 
block, the fault current, will return to the ground e.g. over grounding wire PE. This 
results in current imbalance. If the fault current exceeds a predetermined excitation 

25 current value of the fault current safety switch 7, the fault current safety switch 7 
will be immediately actuated, interrupting the delivery of current from the phase 
wire LI to electric block 5, Optionally fault current safety switch 7 can be used to 
control another switch to interrupt the delivery of current to electric block 5„ Then 
the structure chosen for fault current safety switch 7 can be a "separate fault cuuent 

30 block", which can then be used to control a high-power switch from the same device 
manufacturer to interrupt the delivery of current to the monitored part of the mains. 
The excitation current value of the fault current safety switch 7 is e.g. 30 mA. 

The safety arrangement operates as follows; When fire alarm 1 detects for instance 
smoke in a room, it sends an impulse to relay unit 2 and especially to relay control 
35 coil 3. This pulls switch 4 from rest position A into operating position B. In 
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operating position B switch 4 is closed, i.e. terminals 4c, 4b are interconnected, and 
then neutral wire N st and grounding wire PE are interconnected. In rest position A 
switch 4 is open and neutral wire N sr and grounding wire PE are not electrically 
connected to each other. It should he noted that neither of said wires N sr and PE 
5 have any significant potential difference compared to the grounding of the electric 
system. Thus the operation of relay unit 2 will not cause any short-circuiting voltage 
or current peak in electric block 5, and such a peak, even at a ininimum, would 
release or blow fuse 6 protecting the electric block. Switching switch 4 into 
operating position B results in neutral wire N and grounding wire PE being 

10 interconnected, and on the basis of the conductor resistors of these, part (usually 
50%) of the return current of the electric block is directed to grounding wire PE. If 
this part of the return current exceeds the excitation current of the fault current 
safety switch 7, e.g. 30 mA, the fault current safety switch 7 will operate, 
interrupting the delivery of current to electric block 5, If the smoke and the fire 

15 originate from an electric device, such as a television set, the delivery of cuirent to 
this device will be interrupted In this way, the electric device will be disconnected 
from the mains as soon as the fire starts, and thus the entire fire will most likely 
subdue from the very beginning. 

It should be noted that fire alarm 1 is equipped with a reserve power source of its 
20 own, such as an accumulator, and then the fire alarm goes on operating, warning 
about a dangerous situation with an alarm signal also after the mains voltage has 
been interrupted. 

In order to maintain continuous operating readiness of the safety arrangement, the 
fault current safety switch 7 requires a small base load, which is typically e.g. 60 

25 mA with a mains voltage of 230 VAC (such as the voltage of phase conductor LI). 
Expressed as electric power this base load is about 15 W, electric loads in this 
power class being among other things incandescence, Lc readiness for working, of 
the picture tube in a television set A continuously prevailing base load can be 
ensured by providing electric block 5, such as the switch box or instrument case of 

30 the room to be protected, with a finnly connected resistor 10. This resistor 10 may 
for instance be a 15 W heating resistor, which can be performed by means of a self- 
adjusting heating cable. On the other hand, if no electric load is in operation, there 
will be no need for the safety arrangement to be actuated. 

The fault current safety switch 7 of the safety arrangement, which is preferably a 
35 switch fastened with a DIN rail, can be retrofitted in a mounting casing disposed in 
the block distribution board or in its immediate vicinity. A mounting casing is 
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principally used in connection with fuse block boards. It should be noted that new 
electric installations do not require additional cabling or wiring between the room 
protected with a fire alarm and the block distribution board supplying it. In old 
electric installations (before 1985 in Finland) an additional grounding wire (PEN) 
5 shall principally be added between the delivery of current wire LI or dip wires of 
the room to be protected and the supplying block distribution board. Fire alarm 1 
can be correctly disposed in the room to be protected from a fire-technical point of 
view, and new cabling will be required only from the fire alarm to the mains switch 
box closest to the room to be protected. 

10 The invention is not restricted merely to the embodiment example above, many 
variants being conceivable within the scope of the inventive idea defined by the 
claims. 
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Claims 

L A method for inteiruptiiig delivery of current from mains in a dangerous 
situation, utilising at least one smoke detector, such as a fire alaim (1) or a similar 
environment detector to give a message, such as an impulse, when the surrounding 
5 conditions change and exceed pre-set limits, and a relay unit (2) or similar switch 
connected to this, which is brought into conductive state by a message from the 
smoke detector, characterised in that the realy unit (2) serves to electrically 
connect the grounding wire (PE) and the neutral wire (N st ) of the electric network, 
and then part of the return current is directed on the basis of the conductor resistors 
10 of these wires to the grounding wire (PE), and then, in a normal situation, imbalance 
will occur in the zero sum current between the phase wire (LI) and the neutral wire 
(N 3r ), where this sum current value different from zero exceeds a pre-set limit value, 
which is detected and results in interruption of the delivery of current, 

2. A method as claimed in claim 1, characterised in that the fault current is 
15 monitored in the electric block (5) determined by the mains fuse (6) to which the 

fire alaim (1) has also been connected, the delivery of current to the mains part (5) 
protected by this fuse (6) being interrupted in a risk situation. 

3. A safety arrangement for interrupting delivery of current from mains in a 
dangerous situation, comprising a fault current safety switch 7, at least one smoke 

20 detector, such as a fire alarm (1) or a similar environment detector to give a 
message, such as an impulse, when the surrounding conditions change and exceed 
pre-set limits, and a relay unit (2) or similar switch unit connected to this, 
comprising a relay switch (4) or a similar switch, which is brought into conductive 
state, i.e. operating position (B) by a message from the fire alarm (1), characterised 

25 in that the relay switch (4) included in the relay unit (2) has been disposed between 
the neutral wire (N sr ) and the grounding wire (PE) of the electric network, the relay 
switch (4) when brought into conductive state ie. operating position (B) resulting in 
part of the return current being directed on the basis of the conductor resistors to the 
grounding wire (PE), and in a normal situation there will then be imbalance in the 

30 zero sum current of the phase wire (LI) and the neutral wire (N 5t ), and when this 
sum current value different from zero exceeds the excitation current value of the 
fault current safety switch (7), the fault current safety switch (7) is actuated, 
interrupting the delivery of current 

4. A safety arrangement as claimed in claim 3, characterised in that the fault 
35 current safety switch (7) has been disposed in connection with the mains fuse (6) 
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dete rminin g tihe electric block (5) to which the fire alarm (1) has also been 
connected, the delivery of current being interrupted to the mains part protected by 
this fuse (6) in a risk situation. 

5„ A safety arrangement as claimed in claim 4, characterised in that, in order to 
maintain continuous operating readiness of the fault current safety switch (7), a 
resistor (10) has been preferably firmly connected to the electric block (5). 
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